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Description 

Passive solar tracker for a solar 

concentrator 

Cross Reference to Related Applications 

[0001] This application claims the benefit of U.S. Provisional Ap- 
plication No. 60/432,797 filed on December 9, 2002. 
Background of Invention 

[0002] Solar power concentrators such as reflective dishes, 

lenses, and solar traps need to focus the sun's light on a 
single point or small area and operate best when aimed 
directly at the sun. For this reason many types of tracking 
devices have been developed to follow the sun from east 
to west each day and adjust also for seasonal changes in 
the sun's trajectory. 

[0003] while many systems utilize motorized tracking systems 
and similar mechanically powered control systems, this 
invention represents a very simple type of system requir- 
ing no external power input. 

[0004] The invention adapts a prior device that is a simple solar 


collecting system requiring no external power input, dis- 
closed in U.S. Pat. No. 2,999,943 granted Sept. 12, 1961 
to C.W. Geer. In this device a pair of closed containers in- 
terconnected in fluid communication are mounted on op- 
posite sides of a pivot axis. Each container is partially 
filled with a low boiling point fluid, and the rest is filled 
with its vapor. 

[0005] Each container is partially shielded from the sun. The 

shielding means are positioned in manner so that the sun 
equally irradiates the containers only when the device is 
aimed directly at the sun in east-west tracking. When the 
device is not aimed directly at the sun, one container re- 
ceives more radiation than the other, causing differential 
evaporation of the fluid and forcing fluid to the opposite 
container due to the resulting pressure difference. The 
weight of the excess fluid on one side causes tipping until 
the device is aimed toward the sun. 

[0006] After the sun sets, the collector will remain facing the last 
position from which the sun caused transfer of liquid, and 
in the morning the whole apparatus must wait until the 
sun's rays are high enough above the shield on the east- 
ern container to strike the western container. When this 
occurs, the western container will transfer liquid to the 


eastern one until the collector has tipped back into a po- 
sition from which it can begin tracking. 

[0007] Another invention, disclosed in U.S. Pat. No. 4,275,712 

granted June. 30, 1981 to Stephen C. Baer, improved upon 
this by adding heat collecting surfaces which contribute to 
the transfer of liquid between canisters, specifically in the 
morning. With this modification, tracking can commence 
earlier in the morning. 

[0008] The previous solar tracking systems outlined in U.S. Pat. 
No. 2,999,943 and the improvements outlined in U.S. Pat. 
No. 4,275,712 do not address the needs of a solar con- 
centrating device, which requires two degrees of tracking 
motion. The previous systems are limited to one degree of 
rotational motion and thus can only track one degree of 
the sun's motion across the sky. 

[0009] For the purposes of a solar concentrator, which focuses 
the light on a single point or small area, the system is re- 
quired to track two degrees of the sun's translational mo- 
tion in the plane parallel to the earth's surface. 

[0010] The present invention extends the previous single axis 

solar tracking systems to two orthogonal axes to serve the 
requirements of a solar concentrating system. Insofar as I 
am aware, there exists no tracking device that tracks both 


the sun's East to West movement and the sun's North and 

South movement, using the principles set forth herein. 
Summary of Invention 

[001 1] An object of the present invention is to precisely track the 
sun's daily motion across the sky all days of the year and 
concentrate the light from the sun onto a single specific 
point or small area, utilizing no external power input. 

[0012] Briefly, this and other objects of this disclosure are ac- 
complished in their broadest sense by mounting a solar 
concentrating device, such as a lens or reflective dish, on 
a platform affixed to a two-axis gimbal system, on which 
a pair of closed containers interconnected in fluid com- 
munication are mounted on opposite sides of each gimbal 
pivot axis. 

[° 013 ] Similar in concept to the aforementioned Ceer patent, the 
two axes of the gimbal remain rotationally stationary only 
as long as the sun equally irradiates the pairs of contain- 
ers on opposite sides of each axis. When the sun's posi- 
tion shifts, the system will redirect its aim until the angle 
of incidence of the sun's light is perpendicular to the 
plane of the solar concentrator platform. This orientation 
with respect to the sun is essential to the proper function 
of solar concentrators, such as lenses or reflective dishes, 


which focus light on a specified spot. 

[0014] when the sun rises in the morning, the system will auto- 
matically flip from its orientation from the previous after- 
noon to an orientation that faces the rising sun, using the 
same principle stated above. 

[0015] The introduction of a secondary axis of rotation imposes 
the new condition that the balancing of the device about 
the secondary axis does not interfere with the balancing 
about the primary axis. In other words, the part of the de- 
vice supported by the secondary axis should produce 
negligible net torque about the primary axis in any of its 
possible orientations. In the present invention this re- 
quirement is satisfied by providing a counter-weight for 
every significant mass element supported by the sec- 
ondary axis at a diametrically opposite location through 
the point where the primary and secondary axes cross. 
The latter is also the point at which solar radiation is di- 
rected. 

Brief Description of Drawings 

[0016] FIG. 1 is a perspective view of one embodiment of the 

present invention with a two-axis gimbal, a solar concen- 
trator, the four containers with shields that block the sun 
from radiating on the containers at certain angles. 


[0017] FIG. 2 is a schematic of a preferred embodiment of the 
gimbal and the canisters viewed along the main axis. 

[0018] FIG. 3 is a cross-sectional view of a representative light 
collection and focusing system. 

[0019] FIG. 4a is the first of a sequence of positions, with black 
arrows showing the sunlight's angle of incidence on the 
system. It is a perspective view of one embodiment of the 
present invention in an arbitrary starting orientation, 
showing the direction of rotational motion. 

[0020] FIG. 4b is the second of a sequence of positions. It is a 

perspective view of one embodiment of the present inven- 
tion in an orientation that is facing the direction of the 
sun. 

Detailed Description 

[0021] Fig. 1 is a perspective view taken with the gimbal in an ar- 
bitrary orientation. The base 12 is fixed to the ground and 
holds the main axis 8 of the gimbal. The main axis 8 ro- 
tates freely in the base 12 and is fixed to main gimbal 
frame 11. In the preferred embodiment, the main axis is 
aligned with north-south, so that the main gimbal frame 
can tilt toward east-west. Canister 2 is mounted on main 
gimbal frame 11 and is covered by shade 1. Another can- 
ister is mounted on the main gimbal frame 11 opposite 


canister 2 and is covered by shade 5. The canister under 
shade 5 and canister 2 are partially filled with a low- 
boiling point fluid and are in fluid communication. 

[0022] Main gimbal frame 11 holds the secondary axis 7. Sec- 
ondary axis 7 rotates within main gimbal frame 11 and is 
fixed to tracking platform 9. 

[0023] Canister 4 is mounted on tracking platform 9 and is cov- 
ered by shade 3. Another canister is mounted on the 
tracking platform opposite canister 4 and is covered by 
shade 6. The canister under shade 6 and canister 4 are 
partially filled with a low-boiling point fluid and are in 
fluid communication. 

[0024] An end view along the primary axis of a preferred embod- 
iment of the gimbal and canisters is shown schematically 
in Fig. 2. Canisters 4 and 4a are segmented, with each 
compartment connected fluidically to a corresponding one 
on the other side. (Only one such connecting tube, 13, is 
shown for simplicity.) The purpose of compartmentaliza- 
tion of canisters 4 and 4a is to minimize their effect on 
rotation of the main gimbal frame 11 about the main axis 
8, caused by the fact that there must be a pocket of vapor 
at the top of each. This effect is not eliminated completely 
by compartmentalization. To further reduce it, in the pre- 


ferred embodiment the vapor phase should occupy no 
more than a few percent of the total interior volumes of 
the canisters. While only 4 compartments are shown in 
each of canisters 4 and 4a, a larger number can be used 
for very high precision tracking. On the other hand, if a 
high degree of tracking precision is not needed in certain 
applications, canisters 4 and 4a can be built without any 
compartmentalization. 
[0025] Again referring to Fig. 2, it can be seen that the liquid 

level in canister 2 is higher than that in canister 2a. This 
height difference can be quite substantial for a large 
tracking system. As a result, the vapor pressure in canis- 
ter 2 must be lower than that in canister 2a for the orien- 
tation shown in Fig. 3 by the pressure head represented 
by the height difference. What this means is that the equi- 
librium orientation does not truly correspond to equal ir- 
radiation of canisters 2 and 2a. Instead, it corresponds to 
a situation where the temperature of canister 2a is slightly 
higher than that of canister 2. In the preferred embodi- 
ment, the volatile fluid has a vapor pressure that changes 
fast enough with temperature so that the temperature dif- 
ference between canisters 2 and 2a at equilibrium does 
not exceed approximately 1 degree Celsius per meter 


separation. An example of such a fluid is dichlorodifluo- 

romethane (CCI F ). 

2 2 

[0026] pig. 3 is a cross-sectional view of a representative light 
collection and focusing system. It consists of a parabolic 
mirror 15, which is affixed to the tracking platform 9 by 
means of struts 16, and mirror 17 which is attached to 
parabolic mirror 15 by struts 18. The parabolic mirror 15 
has a hole at the apex to allow passage of light to strike 
target 21, which has its mid-plain coinciding with the 
mid-plain of tracking platform 9, indicated by the dotted 
line. The target is attached to tracking platform 9 by some 
means not shown in the figure so that the two rotate to- 
gether. The dashed lines in the figure represent the paths 
of two rays of sunlight. In an optimized system, mirror 17 
should be as close to parabolic mirror 15 as possible for 
compactness, and as small as possible to minimize ob- 
scuration of the incident sunlight. For these reasons, mir- 
ror 17 is shown as being convex. But other shapes, in- 
cluding planar and concave, can also be used. Depending 
on the application, the target may be placed before (as 
shown), in, or after the focus. 

[0027] The target may be in the form of a light pipe such as an 
optical fiber or fiber bundle. In this case, the input end of 


the fiber or fiber bundle should be positioned at the focus 
for optimum coupling. Alternatively, the target may be a 
solar panel, in which case it should be in front of or be- 
hind the focus, so that overheating of the solar panel 
would not occur. 

[0028] Again referring to Fig. 3, the parabolic mirror 15 and mir- 
ror 17 are balanced by similarly shaped counterweights 
respectively. As shown in Fig. 3, the counterweights 19 
and 20 are symmetrically positioned with respect to mir- 
rors 15 and 17 across the mid-plain of the tracking plat- 
form 9. Such an arrangement ensures that any torque 
produced by the collection and focusing optics about the 
main axis 8 is cancelled by the counterweights regardless 
of the orientation of the tracking platform 9. The counter- 
weights may not be necessary if the optics and the sup- 
porting struts are sufficiently light and/or a high degree 
of tracking accuracy is not required. 

[0029] The light collection and focusing system shown in Fig. 3 is 
merely illustrative. Many other architectures employing ei- 
ther reflective or transmissive optics, or combinations 
thereof, are also possible. Regardless of the particular 
system used, however, the counterweight condition set 
forth in the Summary or an approximation of it should be 


satisfied for precise tracking. 

[0030] For the purpose of operational explanation, the solar con- 
centrating device is not shown in FIG. 4a and FIG. 4b. 

[0031] | n FIG. 4a, the tracking device is in an arbitrary orientation 
with the sun radiating at an angle shown by black arrows. 
In this orientation, the sun's radiation strikes shield 6 and 
shield 5 and strikes canister 4 and canister 2. 

[0032] Because canister 2 is being irradiated, its temperature will 
increase causing differential evaporation of the fluid and 
forcing fluid to the opposite container due to pressure 
differentials. The weight of the excess fluid on the colder 
side causes tipping around main axis 8. 

[0033] Meanwhile, canister 4 is being irradiated forcing fluid to 
the opposite container. The weight of the excess fluid on 
the colder side causes tipping around the secondary axis 
7. 

[0034] Finally, in FIG. 4b, the tracking platform is directly facing 
the sun. In this orientation, all of the canisters are 
shielded from the sun, and thus both pairs of canisters 
are exactly balanced. The tracking system reaches a state 
of equilibrium under this condition. 

[0035] Many other variations and modifications of the present in- 
vention will be apparent to those skilled in the art without 


departing from the spirit and scope of the invention. The 
above-described embodiments are, therefore, intended to 
be merely exemplary, and all such variations and modifi- 
cations are intended to be included within the scope of 
the invention as defined in the appended claims. 


